We present the results of a search for rapidly evolving transients in the Dark Energy Survey Supernova Programme. These events are characterized by fast light curve evolution (rise to peak in 10 d and exponential decline in 30 d after peak). We discovered 72 events, including 37 transients with a spectroscopic redshift from host galaxy spectral features. The 37 events increase the total number of rapid optical transients by more than factor of two. They are found at a wide range of redshifts (0.05 < z < 1.56) and peak brightnesses (−15.75 > M g > −22.25). The multiband photometry is well fit by a blackbody up to few weeks after peak. The events appear to be hot (T ≈ 10000 − 30000 K) and large (R ≈ 10 14 − 2 · 10 15 cm) at peak, and generally expand and cool in time, though some events show evidence for a receding photosphere with roughly constant temperature. Spectra taken around peak are dominated by a blue featureless continuum consistent with hot, optically thick ejecta. We compare our events with a previously suggested physical scenario involving shock breakout in an optically thick wind surrounding a core-collapse supernova (CCSNe), we conclude that current models for such a scenario might need an additional power source to describe the exponential decline. We find these transients tend to favor star-forming host galaxies, which could be consistent with a core-collapse origin. However, more detailed modeling of the light curves is necessary to determine their physical origin.
INTRODUCTION
Dedicated wide field supernova (SN) surveys are discovering large numbers of traditional types of SNe, including both Type Ia produced in thermonuclear disruptions of white dwarfs and Type II/Ibc originating in the aftermath of corecollapse of massive stars ( 8M ) (see, e.g., Filippenko 1997 or Gal-Yam 2017, for review). However, as the coverage in depth, area and time has improved, the surveys have also started to detected different types of exotic optical transients such as superluminous SNe (SLSNe)(e.g., Quimby et al. 2011; see Howell 2017 , for review) and Ca-rich transients (e.g. Perets et al. 2010) , with behavior explained by different physical mechanisms than those used for typical SNe.
Over the last decade a new interesting class of transient with rapid photometric evolution has been discovered. These events can be luminous (−15 > M > −20) and they are characterized by fast light curve evolution with rise to maximum brightness in 10 d and exponential decline in 30 d after the peak in rest frame, making them very difficult to observe. Searches are often designed to discover and follow Type Ia SNe due to their use as cosmological probes, for which high cadence is not necessarily required. Due to this, the rapid events can be detected but it is difficult to characterize them early enough for follow-up observations. To complicate the task even more, these events appear to be very rare, with a (magnitude-limited) rate of only 4%-7% of that of the core-collapse SNe (CCSNe) as estimated by Drout et al. (2014) based on a sample of 10 found in Pan-STARRS1.
The net result of these factors is that only few tens of rapidly evolving transients have been discovered to date. The majority of these come from modern wide-field surveys, including a sample of fast blue transients discovered by Pan-STARRS1 (Drout et al. 2014) , some rapidly rising luminous events discovered by the Supernova Legacy Survey (Arcavi et al. 2016 ), a few rapidly rising events discovered by Subaru Hyper Suprime-Cam Transient Survey for which only the rise is observed (Tanaka et al. 2016 ), a few individual events from the Palomar Transient Factory such as PTF 09uj (Ofek et al. 2010 ) and iPTF 16asu (Whitesides et al. 2017) , and a single candidate from Subaru HIgh-Z sUpernova CAmpaign (SHIZUCA, HSC17dbpf, Curtin et al. 2018; Moriya et al. 2018) . Some additional events with classical spectroscopic classifications have also shown rapid evolution in their light curves: Type Ibn SN 1999cq (Matheson et al. 2000) , Type Ib SN2002bj (Poznanski et al. 2009 ), Type Ic SN2005ek (Drout et al. 2013) , Type Ibn SN2015U (Pastorello et al. 2015; Tsvetkov et al. 2015; Shivvers et al. 2016) and Type Ibn SN iPTF 15ul (Hosseinzadeh et al. 2017) . The Kepler space telescope also discovered a similar transient KSN 2015K, with observing cadence of 30 minutes (Rest et al. 2018) . Two additional noteworthy events are "Dougie" (Vinkó et al. 2015) and SN2011kl (Greiner et al. 2015) . "Dougie" was an exceptionally bright (M R ≈ −23) rapidly rising event, while SN2011kl was fainter and slightly slower, but it was identified to be an afterglow of ultra-long gammaray burst (GRB, Gendre et al. 2013; Stratta et al. 2013; Levan et al. 2014) . The recently discovered neutron star merger GW170817 was also found to have a rapidly fading optical counterpart (see LIGO Scientific Collaboration et al. 2017 , and references therein), though this was significantly faster than the Pan-STARRS sample of rapid transients presented by Drout et al. (2014) . It is worth mentioning that the broad category of rapidly evolving transients appears to be heterogeneous, as illustrated by the diversity of observed spectroscopic features: for example, iPTF 16asu displayed a Ic-BL like spectrum (Whitesides et al. 2017) while PTF 10iam showed hydrogen in its spectrum (Arcavi et al. 2016) .
The majority of these events appear to have similar light curve evolution, but have a wide range of luminosities that are difficult to describe with any individual model. For instance the sample of Drout et al. (2014) is described by time above half maximum t 1/2 12 d despite having peak brightnesses in range −17 > M g > −20. Several different scenarios have been considered to explain the rapid light curve evolution including the explosion of a stripped massive star (Drout et al. 2013; Tauris et al. 2013; Kleiser & Kasen 2014) and shock breakout in either a dense circumstellar medium (CSM, Ofek et al. 2010) or an extended low-mass stellar envelope (Drout et al. 2014) , white dwarf detonation (Arcavi et al. 2016) , CSM interaction (Arcavi et al. 2016 ) and magnetar spin-down (Arcavi et al. 2016) . While some models have been disfavored after comparison to data (e.g. magnetar spin-down, Arcavi et al. 2016 ), a number of models could still viably explain the observed properties of these rapid transients. Characterizing the distribution of the observed properties of rapid transients remains limited by the low number of discovered objects, which in turn limits the ability to constrain their physical origin.
In this work we present a new large sample (72) of rapidly evolving transients discovered by the Dark Energy Survey Supernova Program (DES-SN) during its first four years of operation. DES-SN has a cadence of roughly one week and therefore only up to 4-5 measurements of individual transients can be expected. However, as DES-SN provides deep (m lim ∼ 24 mag) multi-band (griz) photometry probing a large volume, finding a significant number of such events is possible. We discovered in total 72 events in DES-SN, including 37 events that have spectroscopic redshifts from host galaxy spectral features present in a spectrum of the host or the transient itself. This spectroscopic sample increases the total number of rapid transients (t 1/2 12 d) by more than factor of two. The sample has a wide luminosity range from M g ≈ −15.75 to M g ≈ −22.25. This paper is the first investigation of rapidly evolving events in DES-SN, and as such we focus here primarily on the discovery and simple analysis of these transients in our survey. In this work, our transient discovery technique is built on a simple characterization of all unclassified short lived (less than few months) DES-SN transients using linear and Gaussian fits to the first four years of DES-SN photometric data. We use linear fits on data outside the event to reject events exhibiting coherent long term variability, which likely are active galactic nuclei (AGN). We employ Gaussian fits to the DES-SN transient events themselves to estimate crude duration of the event in order to isolate shortduration transients. A follow-up analysis is underway and will be presented in a second paper, where we will include the full five-year sample of rapidly evolving transients in DES-SN, perform rigorous tests of our selection techniques to reduce amount of visual selection in the analysis, estimate the rate of these events, and attempt to describe their light curve behavior in the context of physical models such as shock-breakout models.
The paper is structured as follows. In Section 2 we give a brief overview of DES and a description of the sample selection, and summarize the observations used in our analysis. In Section 3 we describe our sample and then in Sections 4-5 we present an analysis of their photometric and spectroscopic properties. The host galaxy properties are presented in Section 6 and finally in Section 7 we discuss the differences between our events and the previously proposed shock breakout scenario. In Section 8 we conclude our paper. Throughout this paper we calculate distances assuming a flat ΛCDM cosmology with Ω M = 0.3 and H 0 = 70 km s −1 Mpc −1 .
OBSERVATIONS AND SAMPLE SELECTION

Dark Energy Survey Overview
The Dark Energy Survey (DES, Flaugher 2005 ) is an international collaboration with a primary aim to study cosmic acceleration, and thereby constrain the nature of the mysterious dark energy which drives it. DES constructed the highly sensitive Dark Energy Camera (DECam, Flaugher et al. 2015) , which has a 3 deg 2 field of view and is mounted on the 4 m Victor M. Blanco telescope at Cerro Tololo InterAmerican Observatory (CTIO) in Chile. For providing the camera, the DES collaboration was awarded 105 nights a year for five years, starting from August 2013. DES recently concluded its fifth observing year in February 2018.
The DES main survey observes a wide area of about 5000 deg 2 (roughly 1/8 of the sky), and at the conclusion of its fourth year of observations DES has visited each 3 deg 2 field within this footprint at least six times. Additionally, DES-SN searches for transients in ten 3 deg 2 fields (i.e. ten single pointings of DECam). These ten fields are observed in griz bands roughly once a week, with the goal of discovering and photometrically following Type Ia SNe for cosmology Bernstein et al. (2012) . Eight of these fields are referred to as "shallow" as they are observed with exposure times of only few minutes, while the remaining two are called "deep" as they are observed three to nine times longer depending on the band. The events in deep fields can be recognized by "C3" or "X3" in the event name (e.g DES15C3opk). In the shallow fields all four bands are observed nearly simultaneously, but in the deep fields there may be several days between the observations in different bands. For more information on the DES-SN observing strategy see D 'Andrea et al. (2018, in prep.) , and on the DES-SN difference-imaging search pipeline and transient identification algorithms see Kessler et al. (2015) and Goldstein et al. (2015) .
Out of the multi-year light curves of DES-SN transients, we use the Science Verification (SV) data as a reference for transients detected within the first year of the survey. Then we use the first year data as reference for the second year, and finally all subsequent transients detected within years three to five use data from the second season as a reference. Thus any transient in the reference data would show up as a constant offset to the photometry, making the subtraction fluxes too low. Thus in theory we may have missed any transient which is coincident with a transient that occurred in the reference epoch data, but this should not affect the shape of the light curves we measure for the sample analyzed in this paper.
Automated Classification of SN-like events
In its first four years DES-SN has detected roughly 16000 objects classified as single-season events (i.e. objects detected in image subtractions during one year but not the others). These objects include different varieties of SNe, but also significant amounts of AGN and some spurious detections. In order to find peculiar SNe, such as the rapidly evolving ones, it is important to cut down the number of viable candidates automatically before visual inspection of the light curves. Therefore, we devised a photometric classification pipeline, ClassPipe, based on linear and Gaussian fits on the light curves of four bands (griz) to quantify the light curve shape. All fitting in this paper has been performed with LMFIT package for python (Newville et al. 2014) .
First, ClassPipe looks for SNe by requiring that the light curve during the three seasons outside of the event year (the year when event was formally discovered and named) should be non-variable. We split each of three season in half (∼ 75d each) and found the average slope of the linear fits over the four bands for each of the six intervals. In the second step we fitted the light curves of each band of the event season with Gaussian profiles to characterize the shape of the event. The parameters of Gaussian fits used to classify the events were the amplitude A, MJD of the peak, and the Full Width at Half Maximum (FWHM). The cut-off values for parameters of the linear and Gaussian fits were defined empirically based on the spectroscopically confirmed SNe and AGN from first three years of DES-SN (see Table 1 ).
We note here that the choice of a Gaussian fit to characterize the transient light curve width may bias our results away from transient with rapidly rising but highly asymmetric light curves. A broader range of light curve parameterizations will be explored in a future analysis. We do note, however, that this simplistic Gaussian parametrization resulted in a high success rate of detecting spectroscopicallyconfirmed transients (see discussion below and Table 1 ).
An object classified as "SN-like" had to fulfill the following conditions:
1. The second highest absolute value of the six mean slopes of the linear fits outside the event year was smaller than 10 −20 erg cm −2 s −1 d −1Å−1 (the highest value was ignored as a means of outlier rejection). If there was not enough data to achieve at least two out of six mean slopes, the object was rejected. In such cases either subtracting the host galaxy emission failed and corresponding images were not used or the event was found near the edge of a chip and hence image might not always contain the transient due to small dithering in the pointings. 2. The peaks of Gaussian fits on the event year for at least three bands were within 15d from the mean MJD of the peaks. 3. The peak fluxes of Gaussian fits on the event year were higher than 10 −19 erg cm −2 s −1Å−1 in at least three bands, or or higher than 5 · 10 −19 erg cm −2 s −1Å−1 in at least one band. If the latter was true for only one band, the FWHM of that band also had to be between 12 to 95 days. 4. The mean observed flux of the event year over four bands was higher than the mean observed flux of any other season.
The limiting values of flux in Cut 3. correspond to magnitudes of m griz = 26.7, 26.0, 25.6, 25.3 when the peak of Gaussian fit is brighter in at least three bands and m griz = 25.0, 24.3, 23.9, 23.5 in case of only one band. The typical average depths in DES-SN, measured as the magnitude where 50% of inserted fakes are detected, are m griz = 24.3, 24.6, 24.5, 24.3 in the deep fields and m griz = 23.6, 23.4, 23.2, 23.1 in the shallow fields (Kessler et al. 2015) . Our cutoff limits are considerably lower as we do not want to lose any interesting events, regardless how faint they are.
ClassPipe also looks for events that were either at the beginning or at the end of the event year, where only the decline or the rise was observed. This was done because missing the rise would result in much wider Gaussian fits and missing the tail in much shorter. Therefore a real SN could end up being classified as non-SN. Through visual inspection of light curves, we found the following criteria helped classify an event caught on the "decline":
• In at least two bands, the peak flux was the first data point of the year, and the second highest flux was one of the first three data points, or • the peak flux was the first data point in one band and within first three data points in the other three bands, and the second highest fluxes were one of the first three data points in each band, or • the peak MJD of a Gaussian fit was before the first data point of the observing season in at least two bands.
As the rise of a SN light curve is typically much shorter in duration than the decline, our requirements for it were much stricter. We classified an event as caught on the "rise" if:
• In at least three bands, the peak flux of a band was the last data point of the year, and the second highest flux was within the last three data points, or • the peak MJD of a Gaussian fit was after the last data point of the event year in at least two bands.
To demonstrate how ClassPipe works we have plotted a 
where either the mean FWHM of the Gaussian fits or the individual FWHMs of three bands had to be for the event to be classified as "SNe" For all cases which did not satisfy one of the three sets of criteria above ("decline", "rise", or "SN"), the object was classified as "non-SNe". Table 2 we have presented the results of ClassPipe for the full four-year sample of unclassified DES-SN transients that occurred only during one observing season. The table gives the number of events cut at different phases of the ClassPipe. Altogether roughly half of the of the events passed ClassPipe, now having a crude measurement of the duration of the event in the form of FWHM.
Selection Criteria for Rapidly Evolving Transients
Rapidly evolving transients previously presented in the literature evolve on timescales that are considerably faster than any other type of SNe. Thus to search for these objects in our sample of DES-SN transients, we expect these events should have a small FWHM. The cutoff limit was then chosen based on the FWHM distributions of spectroscopically confirmed Type Ia, Ibc and II SNe from first three years of DES-SN shown in the top panel of Figure 2 . As FWHM is only a rough measurement of duration we wanted to look at intervals of FWHM that partially overlap with distributions of Figure 2 . Our sample of rapidly evolving transients was then found by visually inspecting the light curves of all ≈ 1350 events that had mean FWHM less than 30 days as shown in Table 2 . Most of these candidates were ultimately rejected as the small value of FWHM was driven by a single, possibly low signal-to-noise ratio, data point above otherwise constant background level. However, close to FWHM = 30 d we also excluded traditional types of SNe based on the light curve evolution.
As a result of this stage of visual inspection, we confirmed a sample of 72 transients with robust detections satisfying all the above selection criteria. These transients are characterized by a rapid rise to peak brightness in t rise 10 d and a subsequent fading occurring over the following t decl 30 d in the observer frame. However, as we were solely looking for rapidly evolving events, we might have missed events that have similar light curve evolution but last for a slightly longer period of time in observer frame and hence have larger FWHM. The longer duration can either be caused by time dilation of bright, high redshift events or intrinsic dispersion caused by the underlying physical mechanism. One such event is DES16C1cbd, with FWHM = 30.9 d, which was discovered during visual inspection done as a part of different analysis. The transient was included in our sample due to apparent similarity of the light curve evolution with the rest of the sample, and hence is the only transient in our sample with FWHM > 30. We present the detailed analysis of the found 72 objects in the Sections that follow. Table 3 . Basic information of the host galaxies of the whole sample. The observing survey, the spectroscopic redshift of the host galaxy and the physical transient offset (in kpc) has been given for the gold and silver sample transients, and the angular offset (in ), the Directional Light Radius (DLR, Sullivan et al. 2006) of the transient and the photometric redshift of the host galaxy (Bonnett et al. 2016) for the whole sample. DLR is the ratio of the distance of the transient from the galaxy center and the half-light radius of that galaxy (for more details see e.g. Gupta et al. 2016) . Note that z spec for DES16E1bir was obtained from host galaxy spectral features present in the spectrum of the transient (see Section 5). The * symbols refers to three host galaxy candidates that are "quasi-stellar": objects classified as stars based on their apparent shape and as such were not initially targeted for spectroscopic followup (but are now in the spectroscopy queue). Nine events in total appear to be hostless.
Name
Survey Table 2 ). Red line refers to the cutoff limit of FWHM = 30 d for the rapidly evolving transients. Note that one rapid event, DES16C1cbd, has FWHM > 30 d. This event was found as part of different analysis and was included in our sample due to apparent similarity of the light curve evolution with the rest of our sample. All events found above FWHM = 300 d are ignored in the bottom panel.
Spectroscopic Observations
Many objects in our sample had spectroscopic observations of the host galaxy of the transient object, and in a few cases a spectrum was taken of the transient event itself. In Table 3 we present the host galaxy information including the spectroscopic instruments that were used to observe the host galaxy and host galaxy redshifts. These redshifts are collectively composed from the "Global Redshift Catalog" compiled by OzDES (Yuan et al. 2015) , which contains redshifts obtained by OzDES itself as well as other literature spectroscopy campaigns conducted in the DES-SN fields. The vast majority of redshifts come from OzDES observations on the 4m AAT telescope in Australia, with some additions from other AAT programs (e.g., GAMA), as well as some redshifts from SDSS (York et al. 2000) , PRIMUS (Coil et al. 2011) , ACES (Cooper et al. 2012) , and ATLAS (Norris et al. 2006) . The full details of the observational operations of OzDES are described in Yuan et al. (2015) and updated in Childress et al. (2017) .
Spectra of three rapid transients were obtained as part of the multi-facility spectroscopic followup program for DES-SN. The full description of this program will be described in D' Andrea et al. (2018, in prep.) . A spectrum of DES14S2anq was obtained with the 4m Anglo-Australian Telescope in Australia as part of the OzDES programme. DES15C3opk was spectroscopically observed with the Low Dispersion Survey Spectrograph (LDSS3) on the Magellan Clay Telescope at Las Campanas in Chile under RAISINS2 program. Finally, we obtained a spectrum of DES16E1bir with X-SHOOTER (Vernet et al. 2011 ) on the 8m Very Large Telescope (VLT) at Paranal observatory in Chile.
Spectroscopic redshifts for DES15C3opk and DES16E1bir were obtained from the corresponding spectra (see Section 6).
SAMPLE OVERVIEW
Basic information about the 72 rapid transients and their host galaxies is presented in Table 4 , and we show example environments for five transients from our sample Figure 3 . In this sample there are no events with multiple host candidates of similar host-transient separation that could lead to an ambiguous host association. For the remainder of this paper, we split our sample into three groups based on the quality of the light curves (specifically, the number of bands and epochs in which the transient is detected at 3σ in image subtractions) and availability of a redshift. These groups will be referred to as "gold", "silver" and "bronze", and their selection is described as follows.
Gold Sample
Our gold sample consists of 20 transients. These objects have known host galaxy redshifts, allowing us to constrain their true luminosities, but they also had to pass cuts based on the quality of the photometric data. Later in this paper we perform blackbody fits on the photometric data of our transients on every 1.5 rest frame day "epochs" with observations in more than one band (achieved by checking 1.5 d window surrounding each data point to find the best combinations). The value was chosen so blackbody fits were also possible for events in DES-SN deep fields, where bands are not always Table 4 . The sample of 72 rapidly evolving transients including 37 with spectroscopic redshift. Given redshifts are from the spectra of the host galaxies except for DES15C3opk and DES16E1bir for which they were obtained from host galaxy spectral features present in spectra of the events (see section 5). The Milky way color excesses are taken from Schlafly & Finkbeiner (2011) . . Absolute magnitude at peak plotted against redshift, derived in each band using the epoch closest to the observed g band peak. Objects found in DES-SN deep and shallow fields are marked with stars and circles, respectively. The open markers represent corresponding values that have been k-corrected based on the best blackbody fits at peak (see Section 4.2). Dashed and dot-dashed lines correspond to apparent magnitudes of 24 and 25, respectively. k-corrected values have not been plotted for DES13C3bcok, DES15C3opk, DES15C3opp and DES16C3axz for which blackbody fits at peak were based on two bands and are therefore dubious (see Table 6 ). Grey band underneath represents the region where bronze sample transients would be based on their apparent peak magnitudes. Only event at z > 1 is DES16E1bir at z = 1.56. observed during the same night. Using the 1.5 d epochs, we classified transient with a redshift as gold if it had at least three epochs with data in three or four bands (which makes the blackbody fits more reliable). If this was not the case, transient was classified as silver. For these events we analyze their temperature and radius evolution. Example light curves of four gold sample objects are presented in Figure 4 .
Silver Sample
We define the silver sample as those objects with redshifts but which do not fulfill the photometric requirements for the gold sample -this silver sample consists of a total of 17 objects. They have either less than three epochs altogether or have several epochs but less than three with data in more than two bands. Events in the silver sample are mostly in the DES-SN deep fields, where different bands are often observed on different days. This allows accurate measurement of the photometric evolution of the transient (e.g., rise and decline timescales), but precludes measurement of the evolution of physical properties like temperature and radius. Example light curves of four silver sample transients are presented in Figure 5 . Based on the 37 objects in our gold and silver samples, the rapidly evolving transients span a wide range of redshifts (0.05 to 1.5) and absolute magnitudes (-15.75 to -22.25 ). This can be clearly seen in Figure 6 where we have plotted the absolute magnitude at the observed epoch closest to peak as measured in g band in all four bands against the redshift. The majority of the observed transients are found between redshifts 0.2 and 0.8 with only two above and three below. Above redshift z = 0.8, key emission features such as [OII] λ3727Å are redshifted into wavelength ranges heavily contaminated by night sky lines, making redshift success particularly difficult for OzDES (Childress et al. 2017) . In this plot we have also given the roughly k-corrected values based on the best blackbody fits at peak (see Section 4.2). Light curves of all 37 gold and silver sample transients are presented in Appendix A. Normalised N weight z Spec + z Phot z Spec Figure 8 . Normalized 1/V max luminosity distribution for 37 events with spectroscopic redshifts (Blue) and for all 63 events associated with a host galaxy including the bronze sample transients (Orange). Distributions have been normalized so that area under the curve equals unity.
Bronze Sample
Our bronze sample consists of the 35 transients currently without redshifts. Example observer frame light curves for four bronze sample events are plotted in Figure 7 and for the whole sample in Appendix B. These events have light curves similar in shape to the ones in the gold and silver samples, but lack a spectroscopic redshift allowing a precise determination of the absolute brightness. Many of the objects in our bronze sample have reliable host galaxy identification where the host has a photometric redshift estimate, which we report in Table 3 for all available hosts (including those with a spectroscopic redshift). These z phot values allow us to make crude estimates of distances to the bronze sample events, but due to the uncertainty on these distances the majority of this manuscript will focus on the analysis of the gold and silver sample transients.
In Figure 8 we present a 1/V max luminosity distribution (i.e. distribution weighted by absolute volume individ- Figure 9 . ∆m 15 of gold and silver sample transients in g (left) and r (right) bands in comparison with other types of SNe. The ∆m 15 for the prototypical normal Type Ia SN 2011fe (Pereira et al. 2013 ) in B band is considerably smaller than ∆m 15,g for all of our events. ∆m 15 for Iax SNe in V band (Foley et al. 2013 ) partly overlap with the slower end of our events in r band. However, as V band is bluer than r one would expect it to have a higher value in comparison. Additionally, ∆m 15 for Iax SN 2015H in r band (Magee et al. 2016 ) is smaller than most measured in V band. The values of ∆m 15 coincide well with the PAN-STARRS1 (PS1) events from Drout et al. (2014) . Right pointing triangles refer to PS1 events that have only lower limit on ∆m 15 . ∆m 15 for our events has been estimated based on exponential fit on the decline described in Section 4.1. ual transient can be detected in.) for two subsets of transients: the 37 events with spectroscopic redshifts (shown in blue), and all 63 transients with redshift estimates (shown in orange). The luminosity function peaks at low luminosities, but these objects are only accessible to DES-SN in the low redshift Universe. However, the high luminosity tail is visible out to z 1. The distribution for all events with associated host galaxy shows a slight shift towards higher luminosities in comparison with the spectroscopic sample. Using a similar technique to 1/V max luminosity distribution above, we can estimate a rough rate based on the sample of 37 events with spectroscopic redshifts. We found a rate of 10 −6 events Mpc −3 yr −1 , which is ≈1.5% of the volumetric CCSN rate (Li et al. 2011) . We note this is a lower limit of the rate, as it was estimated with the assumption of complete sample (down to the limiting magnitudes of the DES-SN search fields). Hence, the rate is smaller than, but consistent with, the rate of 4.8 − 8 · 10 −6 events Mpc −3 yr −1 calculated by Drout et al. (2014) for the Pan-STARRS1 sample of rapidly evolving transients. The full rate analysis for our DES-SN sample of rapidly evolving transients will be featured in a forthcoming paper.
PHOTOMETRIC PROPERTIES
The majority of the gold and silver sample transients have rapid photometric evolution (t 1/2 12 d in rest-frame), which increases the number of optical transients with such short timescales by more than factor of two. Our sample also consists of transients in a very wide range of −15.75 > M g > −22.25. In this paper we refer to observed brightest data point in g band as the peak of the event, while rise and decline times for a given band are calculated with respect to the date of observed brightest data point in that band.
In Figure 9 we show that ∆m 15 (number of magnitudes events decline in first 15 days after the peak, Phillips 1993) of our transients are similar with ∆m 15 of the PAN-STARRS sample (Drout et al. 2014) , but significantly larger when compared with Ia and Iax SNe. The light curves evolution is also similar to PAN-STARRS events, as can be seen in Figure 10 where we have plotted example g band light curve in comparison with three events found in Drout et al. (2014) . However, we want to emphasize that plotted events are found at wide range of redshifts and thus will sample a range of rest-frame wavelengths. In this section we will discuss photometric properties of the gold and silver sample transients. Table 5 . Light curve parameters of gold and silver sample transients in g band. t peak is defined as the date of the maximum observed g band flux, while rise time t rise , decline time t decline and time above half maximum t 1/2 are given in rest frame. t rise is defined to be the time between last non-detection and observed peak and t decline the time exponential fit takes to decline to one tenth of the observed peak flux. Errors for t decline are given in 1σ confidence, but no errors are given for t rise (and t 1/2 ) as the values are effectively upper limits. t decline and t 1/2 has not been given for DES13C1tgd and DES13X3pby as they have only one detection in g band. 
Rise and Decline Timescales
We defined the rise time, t rise , to be the time between the observed peak and the last non-detection (< 3σ) before the peak in each band in rest frame. We chose this definition because DES-SN has a week-long cadence and the majority of our transients were first detected at the apparent peak Figure 11 . Exponential fits to light curve declines. Only events for which more than two data points with S-to-N ratio > 3 were used for the fit are shown. The best fits are plotted up till the last shown data point for each event.
-thus t rise is likely an upper limit for the majority of the objects. This long cadence also precludes adopting a method such as that employed by Drout et al. (2014) , who estimated the rise times for their sample by linearly interpolating the data points in the rise. We defined the decline time, t decline , as the time taken to decline to 1/10 of the observed peak flux for a best fitting exponential decline fit (which takes into account the first two non-detections after peak). The same fit can be parametrised by an exponential decay timescale τ (see e.g. Arnett 1982 ). The uncertainties for decline times were estimated with a Monte Carlo approach where we generated 1000 realizations of the light curves based on errors on our data and measured the spread of the distribution of fitted decline times across all realizations. Errors were then assumed to be the 16th and 84th percentile of the cumulative distribution function. In Figure 11 we have plotted exponential fits in the cases when more than two data points with S-to-N ratio > 3 were used for the fits. In general fits used also the non-detections after the peak (fitting was done in linear flux space), but these are not shown in the Figure. As seen in the Figure, the exponential fits describe the data well. Time above half maximum, t 1/2 , was then found based on the rise and decline times. Both rise and decline times are determined with respect to the observed maximum, and therefore are subject to the seven day cadence in the observer frame.
Even though our estimates on rise times are likely upper limits, the majority of the transients still have t rise 10 d. In fact, in the gold and silver samples only four objects have longer rise times. Out of these, DES13X3gms has a 10 day gap in g-band observations before the peak, DES15X3mxf and DES16C3gin have a detection on the rise and thus the first non-detection is more than 10 days before peak. However, we have very good photometric coverage of the rising light curve itself for one of our transients, and thus we can directly constrain the rise time. DES16X3ega has clear detections in g and i bands roughly 10 days before the peak and thus rise time is longer than that (see light curve in Figure 5 ). In general the decline times are longer than the rise times, as can be seen in Figure 12 where we plot the decline times against rise times in each band. Similar behavior was also reported by Drout et al. (2014) . The exponential decline timescales also appear to be longer the redder the band in question is, as seen in Figure 13 where we plot τ r , τ i and τ z against τ g . However, as these events are intrinsically fainter in redder bands constraining the decline for these bands is difficult.
As seen in Figure 12 , the decline timescales for our gold and silver sample transients span a wide range, for instance τ g is found to be between 3 and 15 days. Such a wide range is difficult to explain with any single value for the decline timescale. While 56 Ni decay (τ Ni = 8.764), is roughly consistent for some of our events, it is not consistent for the whole . Example blackbody fits to eight gold sample transients. Times of individual fits are given in rest frame days since the observed peak in g band. In general blackbody matches the data well around the peak, but at later times the best fits diverge from the data.
sample. This suggests that the decay from nickel is not the primary source of the emission.
Temperature and Radius Evolution
For each of the 37 gold and silver sample transients, we performed blackbody fits to the multi-band photometry for every 1.5 rest frame day "epoch" that had data in at least two bands. We fit for the temperature T and radius R of the transient at a given epoch using the fluxes observed in each band F λ to perform a χ 2 minimization of a blackbody model which obeys the following equations: T (1000 K) z Figure 15 . Peak absolute magnitude against best fitting temperature at peak. Peak magnitudes are taken from the data points closest to the peak in g band. Definition of markers is the same as in Figure 6 , with the addition of grey squares referring to events for which the blackbody fits at peak were based on only two bands. Note that DES13C3bcok is ignored in this plot due to high best fitting temperature. Errors for temperatures are quoted at 1σ confidence. The three dashed lines correspond to absolute magnitudes in rest frame for constant radii of r = 5 · 10 14 cm (bottom), r = 10 15 cm and r = 2 · 10 15 cm (top).
where D l is the luminosity distance and t(λ) is the transmission function over the band in question and λ l and λ h the wavelength limits for that band. Note that, the blackbody fits are done using the effective wavelength, λ eff , of each band. The effective wavelength depends not only on the redshift of the event, but also on the shape of blackbody emission. To estimate the shape, the corresponding blackbody has to be calculated in the rest frame (λ/(1 + z)) and then shifted in to the observer frame. This method returns temperature, T, and radius, R, for each epoch of observations. We then estimate k-corrected magnitudes by using the best-fit blackbody as the spectral energy distribution (SED) of the transient at that epoch. Additionally, this blackbody fit allows us to simply calculate the total bolometric luminosity at a given epoch.
In Figure 14 we show the best fitting blackbody curves for eight of our gold sample events. In general, a blackbody describes the data well around the peak. However, in the case of DES14S2anq the data is fitted almost perfectly up to t = 11.3 d, but afterwards blackbody provides a poor fit. Similarly the fits to DES13X3gms and DES16X3cxn around two weeks after peak seem to be worse than at earlier times. Thus it is possible that the late phase emission of the rapid events is not well described by a blackbody. In Table 6 we have given the best-fit blackbody temperatures and radii at peak with corresponding bolometric luminosities and number of data points fits were based on for our gold and silver sample events. The given uncertainties have been estimated with a Monte Carlo approach with 500 realizations. Table. 6) against rise time in g band for gold and silver sample events. The nearly horizontal lines correspond to required nickel mass for given luminosity and rise time. The curved lines correspond to M Ejecta = M Ni for a given expansion velocity assuming hydrogen and helium free ejecta (κ = 0.1 cm 2 g −1 ). All points above and left from given line are unrealistic for the given velocity.
We find temperatures ranging from 8000 K to 30000 K, and radii between a few 10 14 cm and a few tens of 10 14 cm. These values are mostly consistent with the ones found in literature. Arcavi et al. (2016) and Whitesides et al. (2017) discussed temperature and radius evolution for bright objects (M g ≈ −20), finding these to be cooler (with temperatures around 10000 K) and mostly larger (with R 10 15 cm) than transients in our sample with comparable absolute magnitudes. On the other hand, Drout et al. (2014) found the temperatures to be slightly higher when compared with objects of similar brightness in our sample, and therefore the found radii are several times smaller. Nonetheless, the peak bolometric luminosities estimated based on the blackbody fits are found in the range ∼ 10 42 − 10 44 erg/s and are comparable with other rapidly evolving transients.
The peak temperature correlates well with the absolute magnitude, as illustrated in Figure 15 . The majority of our events are clustered around 15000 K, while the faintest objects have temperatures below 10000 K and the brightest are found at ∼ 20000−30000 K. The brightness of any blackbody is dependent on both its temperature and radius. To examine the impact of radius on the brightness of our objects, we plot curves of constant radius in the figure. These curves are in rest frame and thus correspond to the magnitudes before k-corrections, which are plotted as open markers. The blackbody fits at peak for DES15C3opk, DES15C3opp and DES16C3axz were based on two bands -thus we plot these transients as grey squares without k-corrected values.
In the left column of Figure 16 , we plot the temperature evolution of the gold sample transients (split into two plots for visual clarity). From these curves we can clearly see that the temperatures decrease in time. For many objects, the drop in temperature is accompanied by an increase in radius, as shown in the top right panel of Figure 16 for five gold sample events. The rate of change of the photosphere based on these curves imply velocities ranging from v 10000 km/s for DES14S2plb up to v ≈ 40000 km/s for DES16E1bir. These values are not the true velocities of the ejecta, due to the changing opacity of the expanding material, but can be used as a lower limit for the expansion. Such high velocities constrain the explosion time to be 5 d before the peak in several cases. For instance, the radius of DES16E1bir recedes to zero in roughly two days, when assuming the expansion rates to be constant. Similar high velocities have been reported for other rapidly evolving transients, for example iPTF16asu expanded at 34500 ± 5400 km/s (Whitesides et al. 2017 ), but also for broad-lined SNe Ic (SNe Ic-bl) with velocities up to 30000 km/s (see e.g. Modjaz 2011 ).
However, the radius does not increase for all of our events. In the bottom right panel of Figure 16 we show three transients for which the radius appears to be decreasing with time while the temperature either stays constant or slightly increases. One of these events is DES16X1eho for which the radius decreases from R ≈ 16 · 10 14 cm at peak to R ≈ 8 · 10 14 cm in just 3.4 days after the peak. The decrease in radius could be explained by a shock breakout in a optically thick circumstellar wind surrounding a star. Such a scenario will be discussed in Section 7.
Using models from Arnett (1982) and Stritzinger & Leibundgut (2005) , the peak bolometric luminosity and the rise time of any transients can be used to investigate if nickel decay is the primary power source for the emission. Under this scenario, in order to have higher peak brightness, more nickel needs to be produced during the explosion. However, if the ejecta mass is increased, the diffusion timescale through the ejecta, and hence the rise time of the light curve, increase as well. This is a problem for most of our transients. To demonstrate this, we have plotted the peak luminosity (based on the blackbody fits, see Table 6 ) against the rise time for our gold and silver sample transients values in Figure 17 with reference lines assuming constant nickel mass from 0.01M to 7M . We also plotted lines for M Ejecta = M Ni with given velocities assuming hydrogen and helium free ejecta (κ = 0.1 cm 2 g −1 ). All points above and left of a given curve is unrealistic as M Ejecta < M Ni . In general, the nickel decay can produce the peak luminosities for most of our events, but the ejecta would have to be both rapidly expanding and composed almost completely of nickel. The nickel decay could potentially be the power source for our faintest events, if the total nickel mass is very low. However, we want to emphasize that our rise time estimates are effectively upper limits (see Section 4.1) and therefore the scenario is unlikely. For the reference lines we have assumed spherical symmetry, optically thick ejecta, nickel distribution peaked at the center of the ejecta and constant density profile of the ejecta
SPECTROSCOPIC PROPERTIES
Spectra of DES14S2anq, DES15C3opk, and DES16E1bir are plotted in Figure 18 . The spectra of DES15C3opk (at +6 d after peak) and DES16E1bir (at peak) are dominated by underlying blue continuum with only few lines present. The visible lines in the spectrum of DES15C3opk are [O II] λ3727 A doublet and [O III] λ5007Å lines with a trace of Hβ, all coinciding with z = 0.57. The observed lines arise most likely from the host galaxy (see Sec. 6). The [O II] doublet line is also present in the spectrum of DES16E1bir, where this line has been used to estimate the redshift z = 1.56 (see inset of Figure 18 ). In the Figure we also present the spectrum for DES14S2anq, but this spectrum was obtained two weeks after the peak and is thus dominated by host galaxy features.
The strong blue continuum is a typical feature in the spectra of previously discovered rapidly evolving transients at least around peak (see e.g. Arcavi et al. 2016; Whitesides et al. 2017) . Given that all of our events appear to be very hot, and hence produce strong ionizing emission, we would expect to see some narrow permitted lines if the transient is surrounded by a low-density optically thin region. The lack of such lines may provide important clues to the configuration of the progenitor system. Such a featureless continuum has also been observed in the early spectra of CCSNe. Khazov et al. (2016) analyzed early spectra ( 10 d after explosion) of 84 type II SNe and found that 27 of them had blue featureless spectra and 12 had high ionization lines with an underlying blue continuum. These lines included mostly Balmer and He II lines as typical for type II, but also O II and O III lines in a few occasions. They concluded these lines were created by recombination of some circumstellar medium (CSM) flash-ionized by a shock breakout.
HOST GALAXY PROPERTIES
In this section we discuss the host galaxy properties for all 63 events that appear to be associated with a galaxy. We have readily available OzDES spectra for the host galaxies of 27 of the 37 gold+silver sample transients, and we plot some representative host spectra in Figure 19 . The remaining 10 spectroscopic redshifts are from various different surveys as shown in Table 3 . As most of them have released only the redshifts, we have decided to focus on the spectra from OzDES. Based on the 27 host spectra, all events appear to originate in star forming galaxies, as indicated by the presence of nebular emission lines.
We are confident in the host identification for our transients, based on the Directional Light Radius (DLR, Sullivan et al. 2006 ) distribution plotted in Figure 20 (see Table  3 ). This distribution matches a Sersic profile (Sérsic 1963) for spiral galaxies (n = 1) well between DLR ≈ 1 − 3, providing additional evidence that these transients arise from star-forming host galaxies. Objects near their host centres (DLR 1) may be under-represented, the host galaxy emission is very strong and therefore the weaker rapid events will likely be missed (i.e., the classical "Shaw Effect", Shaw 1979) . Events distant from their hosts (DLR 3) are undoubtedly rare, but with no underlying host galaxy contamination we expect our discovery completeness to be very high.
We calculate rough estimates of the stellar masses for our host galaxy sample using the DES-SN griz photometry fitted with the code ZPEG (Le Borgne & Rocca-Volmerange 2002) . This code is designed for estimating photometric redshifts, but performs galaxy SED template matching and thus simultaneously derives stellar masses. It also provides a crude estimate of the galaxy's star-formation intensity, namely the specific star-formation rate (sSFR) based on that of the best fitting template. Spectroscopic redshifts have been used for fitting for the gold and silver sample events. From these results presented in Table 7 , we see the significant majority of our sample are found in strongly starforming galaxies (sSFR > −10.5). This implies a short-lived progenitor system.
In Figure 21 we present the host galaxy absolute r-band magnitudes against redshift for all 63 events with either spectroscopic (star symbol) or photometric (circle) redshift. We can see that there is a clear cutoff in the number of objects with spectroscopic redshift above z ≈ 0.8. This is due to the fact that we have galaxy redshifts only to events that occur in apparently bright galaxies (m r 24). The reason why most of our bronze sample hosts lack z spec is because 3000 4000 5000 6000 7000 8000
Restframe wavelength (Å) Normalized F + Offset they are fainter than that. Additionally, the efficiency of OzDES for getting host galaxy redshifts drops significantly above z ∼ 0.8 as key emission features are redshifted into wavelength ranges with strong night sky emission. Based on the photometric redshifts, 13/35 bronze sample events seem to be associated with a galaxy at z phot ≥ 0.9. In general, the photometric redshifts for our gold and silver samples hosts are consistent with the spectroscopic ones (see Table  3 ). Therefore, it is likely that at least some of these 13 hosts are found at high redshifts, making the brighter end of these transients more common than in our current spectroscopic sample.
DISCUSSIONS
Our analysis of 37 rapidly evolving transients with accurate distances shows that the observed properties span a wide range in both luminosity and timescales. Despite the apparent similarity of the light curve evolution, the objects are found to have very different brightnesses, temperatures, radii and expansion velocities. Thus if we assume these events to be similar in origin, the power source has to be flexible enough to explain this broad range of observed behaviours.
One physical scenario which has been proposed to explain the rapidly evolving light curves is a shock breakout and the consequent shock cooling in surrounding wind (see e.g. Ofek et al. 2010; Balberg & Loeb 2011; Chevalier & Irwin 2011; Ginzburg & Balberg 2014) . In this scenario, a shock launched by the core collapse of a massive star travels through an extended layer of circumstellar material (CSM). At least some small amount of emission arising from cooling of shock-heated matter (in either the stellar envelope itself or some CSM) should be present in all SNe (Nakar & Sari 2010) , but the timescale and total emitted luminos- ity depend strongly on the progenitor structure. While the peak luminosity is dictated by the size and temperature of the event, the duration depends most strongly on the cooling mass (see e.g. Nakar & Sari 2010; Rabinak & Waxman 2011) . The scenario of shock cooling in an extended material (e.g. extended envelope or wind) gives a natural explanation for the very early phases of the light curves for several double-peaked CCSNe such as the Type IIb SN 1993J (Wheeler et al. 1993 ) which exhibits a rapid pre-peak seen in both blue and red bands (Nakar & Piro 2014 ). This rapid pre-peak is then followed by a typical SN light curve powered by the decay of 56 Ni. Each of these pre-peaks have brightness up to M ≈ −18 in the bluer bands but last altogether only for 10 d, unlike most of our events. For instance pre-peak of SN 1993J had M B ≈ −16.5 and lasted for ≈ 5 d and pre-peak of another Type IIb SN 2011dh was as bright as the main peak of the SN at M g ≈ −16.5 and lasted for 5 d (see e.g. Arcavi et al. 2011) . However, even though such timescales are comparable to some of our events, no rapidly evolving transients in literature has been classified as Type IIb SNe (Leloudas et al. 2012) , LSQ14bdq (Nicholl et al. 2015) and DES14X3taz (Smith et al. 2016) , where they are bright up to M g ≈ −20. Shock breakout and the consequent shock cooling has been considered as a possible scenario for several previously discovered rapidly evolving transients (see e.g. Ofek et al. 2010; Drout et al. 2014; Arcavi et al. 2016) , but there are a few problems to be solved. Whitesides et al. (2017) argued that the light curve of iPTF 16asu can not be explained solely by a shock cooling model for extended material from Piro (2015) . This model produces a short and fairly symmetric light curve, so iPTF16asu would therefore require emission from nickel decay in order to reproduce the light curve tail. A typical CCSN has a peak brightness of order M B −18 (see e.g. Richardson et al. 2014 ) and can not be seen above z ≈ 0.6 in DES. Therefore, under this scenario our distant events should have only the short lived emission from shock cooling, without an exponential decline. This also means we cannot rule out an associated CCSN event for our high redshift rapid transients. Some of our distant events follow this expectation of short-lived emis-sion (e.g. DES16X1eho and DES16E1bir), but several events at z ≈ 0.6 − 0.7 have clearly longer decline than rise times (e.g. DES14C3tvw, DES15C3lpq and DES15C3opk). These events would require exceptionally bright CCSNe to explain the declining light curve.
Our sample also includes several faint nearby events that have smooth exponential declines without clear signatures of two separate power sources (see e.g. DES14S2anq and DES16X3ega in Appendix A). Additionally, two of our closest events, DES14S2anq and DES14S2plb, have peak brightnesses of order that of a relatively faint CCSN (M r ≈ −16). If nickel decay was the source of emission in the tail of these events (i.e. the peak of the the nickel decay light curve would be after the peak produced by shock breakout and shock cooling) the amount of 56 Ni should be as small or smaller than in a faint CCSN to produce the brightness of the observed declining light curves (M r −15). Similarly, these events lack the common broad light curve -FWHM > 30 days, caused by photon diffusion through several solar masses of ejecta -of typical nickel-powered CCSNe. Thus if these events are typical CCSNe, they would have to all have very low 56 Ni masses and ejecta masses.
Whether these rapid light curves might frequently accompany CCSN light curves remains uncertain. This analysis is biased against finding such events -our characterization of events by a single light curve width was useful for finding rapidly evolving events, but might have caused us to miss events with double peaks. This will be a topic of study for future analyses of the DES-SN transient sample.
In the light of the recent discovery of the neutron star (NS) merger GW170817 (see e.g. Alexander et al. 2017; Andreoni et al. 2017; Arcavi et al. 2017; Blanchard et al. 2017; Chornock et al. 2017; Coulter et al. 2017; Cowperthwaite et al. 2017; Drout et al. 2017; Fong et al. 2017; Kasliwal et al. 2017; Kilpatrick et al. 2017; Margutti et al. 2017; Nicholl et al. 2017; Siebert et al. 2017; Smartt et al. 2017; SoaresSantos et al. 2017) , it is interesting to compare its optical properties with our events. The kilonova has almost immediate rise to peak and a very rapid declining light curve, with last detections in g band roughly a week after the merger (Cowperthwaite et al. 2017; Drout et al. 2017; Soares-Santos et al. 2017 ). The merger is also fairly faint with absolute magnitude ≈ −15.5 in the optical bands. The SED is well described by a blackbody for the first few days, with a temperature T ≈ 11000 K and radius R ≈ 3 · 10 14 cm at 0.5 days (Kasliwal et al. 2017) , T ≈ 8300 K and R ≈ 4.5 · 10 14 cm at 0.6 days (Cowperthwaite et al. 2017) and T = 5500 ± 150 K and R ≈ 7 · 10 14 cm at 1.5 days after the merger (Nicholl et al. 2017) . Additionally Drout et al. (2017) found temperatures around 2500 K from 5.5 to 8.5 days after the merger. Consistent values are also given by Smartt et al. (2017) , who found that temperature decreased from T = 7600 ± 2000 K at 0.6 days to T = 1900 ± 500 K at 13.3 days. In our gold and silver samples there are only two events which have comparable brightnesses with comparable values for the temperature and the radius at peak: DES14S2anq (M g ≈ −16.2, T ≈ 7700 K, R ≈ 6.6 · 10 14 cm) and DES14S2plb (M g ≈ −15.8, T ≈ 8900 K, R ≈ 4.1 · 10 14 cm). However, while the kilonova declines ≈ 4.5 mags in g band and ≈ 3.5 mags in r band in 5 days after the merger (see e.g. Drout et al. 2017) , the DES events decline only 1.2-1.5 in g and 0.7-0.9 mags in r in roughly 10 days after the peak brightness. Due to the significantly slower decline rate, it is unlikely that these events are associated with a NS-NS merger. Similarly, Siebert et al. (2017) compared the light curve of GW170817 to other optical transients, including several rapidly evolving events from Drout et al. (2014) , and concluded that the kilonova evolves much faster in comparison. On the other hand, the events in our bronze sample lack spectroscopic redshift as their host galaxies are mostly weaker than m r ≈ 24. In order to observe NS-NS merger, such as GW170817 with a peak magnitude on the order of −15.5, it would have to be at very low redshift. However, it is unlikely that these host galaxies would be at such a low redshifts without us having a spectroscopic redshift of them (unless their luminosities are significantly below the faintest typical galaxies and the photometric redshifts are catastrophically wrong). Therefore, it is unlikely that our bronze sample events are associated with a NS-NS merger. Additionally, Doctor et al. (2017) search the first two years of DES-SN data and found no kilonovae consistent with their model predictions, while Scolnic et al. (2017) used the observed kilonova light curve of GW170817 to calculate DES-SN should find 0.26 kilonovae in its 5-year lifetime. Such a low number is inconsistent with the total number of objects we discovered.
The large diversity in the peak luminosities we observe for our sample of rapid transients, despite their having similar light curves in observer frame, might be difficult to explain with a single physical process. Therefore, it is possible that there are several different subclasses with different physical mechanisms powering the emission. Such an analysis would be best facilitated by an even larger sample of rapidly evolving transients to distinguish the possible subclasses from each other. We plan to undertake such an analysis when distances (i.e., redshifts) are secured for the full DES-SN sample.
CONCLUSIONS
We have presented a sample of 72 rapidly evolving transients found in the Dark Energy Survey. A subsample of 37 transients have a spectroscopic redshift from host galaxy features. This increases the total number of optical transients with t 1/2 12 d in rest frame by more than a factor of two making our sample the most substantial to date.
The discovered events have a wide range of brightnesses (−15.75 > M g > −22.25) and distances (0.05 > z > 1.56). However, we note that due to their fast rise times, it is likely that our observational epochs did not exactly coincide with the true epoch of peak brightness, and we therefore expect that they are actually slightly brighter at true peak. The light curves are characterized by a very rapid rise in 10 d and by a slightly longer exponential decline. The decline timescales also appear to be longer in the redder bands and do not reconcile well with the decay timescale of 56 Ni.
Photometric data of the events is well fitted with a blackbody up to roughly two weeks after the peak. The photospheres appear to be cooling and expanding rapidly in time, starting from high temperatures (up to 30000 K) and large radii (up to 10 15 cm). The absolute brightness also correlates well with the peak temperature, with the faintest events having peak temperatures below 10000 K and bright-est above 20000 K. However, a few transients appear to have a receding photosphere while the temperature stays roughly constant (DES15X3mxf, DES15C3opk and DES16X1eho). The bolometric peak luminosities based on the blackbody fits are in the range ∼ 10 42 − 10 44 erg/s. The spectra at peak (and slightly after) are dominated by a featureless blue continuum with some host galaxy emission lines present -this spectral behaviour is to be expected in the case of a hot, optically thick medium.
All of our events with detected host galaxies are found in star forming galaxies, implying a short-lived progenitor system. Therefore, the currently favored scenario to explain these rapid events is a shock breakout and consequent shock cooling in optically thick, low mass circumstellar wind surrounding a CCSN. Shock cooling in extended material has been used to explain pre-peaks in several Type II SNe (e.g. SN 1993J Wheeler et al. 1993 and SLSNe (Smith et al. 2016, e.g. DES14X3taz) . The breakout and consequent cooling has already been considered for rapidly evolving events by Ofek et al. (2010) and Drout et al. (2014) . Moreover, the observed featureless blue spectra of these rapid transients is consistent with early spectra of transients powered by shock breakout cooling in either envelope or CSM. The decreasing photospheric radii could also be explained with this scenario. If the wind was originally just dense enough to be optically thick, the rapid expansion could drop the density so drastically that the observed radii would actually decrease. However, the current models fail to produce the exponential decline and might require additional energy source to power the light curve tail (Whitesides et al. 2017) . Additionally, we want to emphasize that due to wide range of rise and decline timescales and peak luminosities it is difficult to describe all the events with a single model. Therefore it is likely that the events in our sample are produced by more than one physical mechanism.
In future analyses, we will explore the light curve modeling of these peculiar events. This will include both testing and comparing the existing shock breakout light curve models, but this will require an examination of the subtleties introduced by the limitations of the models themselves (see e.g. Rabinak & Waxman 2011; Piro 2015) , including the limited treatment of radiative transfer effects. We are also aiming to understand the luminosity function better, for which we need both new events with known redshifts, as well as spectroscopic redshifts for the hosts of our bronze sample events. Knowing the total brightness range of rapid events would help us to understand the physical limitations needed for the powering engine. We are also planning to explore the possibility of having two energy sources: one powering the bright peak and another the exponential decay. We will search the DES-SN data for any events that appear to have either two peaks with rapid timescales or have a clear cut off in a light curve after peak. As DES-SN has recently concluded its fifth observing year, we are also hoping to obtain both early and late time spectrum to shed light on these peculiar events. of Sussex, Texas A&M University, and the OzDES Membership Consortium. Based in part on observations at Cerro Tololo InterAmerican Observatory, National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy (AURA) under a cooperative agreement with the National Science Foundation.
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